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DESCRIPTION 



ORGANIC ELECTROLUMINESCENT DEVICE AND DISPLAY 

Technical Field 

The invention relates to an organic electroluminescent 
device and display.' 

Background Art 

In order to make an organic electroluminescence (EL) 
device have a longer durability and higher efficiency, there 
is a technique of stacking a plurality of units, a unit being 
cathode/organic EL device/anode (for example, 
JP-A-H6-176870, JP-A-H11-312584 and JP-A-H11-312585) . 

Such a device requires a lower current density than 
a device having one unit to obtain the same luminance. The 
device with plural units thus has a longer durability. 
However the technique has the following problem. An 
electrode must be extracted from an injection electrode 
arranged between ad j a cent organic emitting layers , resulting 
in complicated wiring and substantial loss in electric power 
due to the wiring resistance. 

As a technique for avoiding the problem, there is used 
an intermediate electrode with a hole-injection surface and 
the electron-injection surface opposed thereto, thereby 
eliminating the need of an intermediate extraction electrode 
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(for example, JP-A-H11-329748 and JP-A-2003-45676) . 

However the technique has a problem that the color of 
emitted light observed from the font of a device is different 
from that observed obliquely, i.e., a high dependency on 
viewing angle. It also has a problem of an insufficient 
luminous efficiency . 

In view of the above problems, an object of the invention 
is to provide an organic EL device and a display with good 
viewing-angle properties and high efficiency. 

Disclosure of the Invention 

For the structure of an intermediate conductive layer, 
JP-A-H11-329748 discloses laminates of a metal thin film and 
transparent electrode, and JP-A-2003-45676 discloses 
laminates of metal, and conductive inorganic compound and/or 
dielectric material. The inventors have studied these 
structures in detail and found the following. For example, 
when using a conductive inorganic compound, the refractive 
index thereof is larger than that of an organic emitting layer, 
thereby degrading the viewing-angle properties. When 
laminating a metal film, the luminous efficiency is reduced 
due to the large absorption coefficient thereof. 

Further in order to solve the subject of enhancing the 
viewing-angle properties and luminous efficiency, the 
inventors have found the following. A difference in 
refractive index between intermediate conductive layer and 
an organic emitting layer as small as 0.2 or less can suppress 
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a change in chromaticity to a degree that a user cannot feel 
the change even when observing the emission device obliquely . 

According to a first embodiment of the invention, there 
is provided an organic EL device comprising: a transparent 
electrode, a counter electrode arranged opposite to the 
transparent electrode, one or more intermediate conductive 
layers and one or more organic emitting layers arranged 
between the transparent electrode and the counter electrode, 
wherein the difference between n a and n b is 0.2 or less when 
n a is the refractive index of an intermediate conductive layer 
and n b is the refractive index of an organic emitting layer. 

According to a second embodiment of the invention, there 
is provided an organic EL device comprising: a transparent 
electrode, a counter electrode arranged opposite to the 
transparent electrode, one or more intermediate conductive 
layers and a plurality of organic emitting layers sandwiching 
an intermediate conductive layer therebetween, the 
intermediate conductive layers and the organic emitting 
layers arranged between the transparent electrode and the 
counter electrode, wherein the difference between n a , and 
n b and/or n c is 0.2 or less when n a is the refractive index 
of an intermediate conductive layer, n b is the refractive 
index of a first organic emitting layer and n c is the refractive 
index of a second organic emitting layer, the intermediate 
conductive layer sandwiched between the first and second 
organic emitting layers. 

In these organic EL devices, the difference between 
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n a , and n b and/or n c is preferably 0.15 or less. n b and n c 
may be the same as each other. 

The intermediate conductive layer can be a laminate 
of a layer which has a refractive index larger than n b and/or 
n c , and a layer which has a refractive index smaller than 
n b and/or n c . The laminate may be made of 2 or 3 or more layers . 

Alternatively, the intermediate conductive layer can 
be a layer comprising a mixture of a material which has a 
refractive index larger than n b and/or n c/ and a' material 
which has a refractive index smaller than n b and/or n c . 

According to a third embodiment of the invention, there 
is provided a display comprising the above mentioned organic 
EL device of the first or second embodiments. 

Brief Description of the Drawings 

Fig. 1 is a view showing an embodiment of the organic 
EL device according to the invention; 

Fig. 2 is a partially enlarged view of Fig.l; 

Fig. 3 is a view showing another embodiment of the 
organic EL device according to the invention. 

Best Mode for Carrying out the Invention 

The invention will be described below. 
Fig. 1 is a view showing an embodiment of the organic 
EL. device according to the invention. The organic EL device 
is an example of stacking four organic emitting layers. 
In this organic EL device 1, a transparent anode 



4 



(transparent electrode) 12 is provided on a supporting 
substrate 10 and a cathode (counter electrode) 14 is arranged 
opposite to the transparent electrode 12. The organic 
emitting layers 20, 22, 24 and 26 and intermediate conductive 
layers 30, 32 and 34 are provided between the transparent 
anode 12 and the cathode 14 such that one intermediate 
conductive layer is interposed between two organic emitting 
layers. The light emitted from the organic emitting layers 
20, 22, 24 and 26 is taken out from the supporting substrate 
10 through the transparent anode 12. 

Fig. 2 is a partially enlarged view of the organic 
emitting layers 22 and 24 and the intermediate conductive 
layer 32 therebetween as shown in Fig.l. 

The organic emitting layers 22 and 24 each are made 
of a hole injection layer 200, an emitting layer 202 and an 
electron infection layer 204. Holes supplied from the hole 
injection layer 200 and electrons supplied from the electron 
injection layer 204 are recombined with each other in the 
emitting layer 202 to emit light. The intermediate 
conductive layer 32 has the hole-injecting surface facing 
the organic emitting layer 24 and the electron-injecting 
surface facing the organic emitting layer 22. 

Referring again to Fig. 1, the refractive index of any 
one of the intermediate conductive layers, for example, the 
refractive index of the intermediate conductive layer 32 is 
represented by n a , and the organic emitting layers (first 
and second organic emitting layer) 22 and 24 sandwiching the 
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intermediate conductive layer 32 are represented by n b and 
n c , respectively. These refractive indices satisfy at least 
one of the following relations. 

(i) |n a - n b | < 0.2 

(ii) |n a - n c | < 0.2 

(iii) |n a - n b | < 0.2 and | n a - n c | < 0.2 

They preferably satisfy the relation (iii) . 
All combinations of two organic emitting layers 
sandwiching an intermediate conductive layer and the 
intermediate conductive layer preferably satisfy at least 
one of the above relations. 

In order to efficiently take out light from an organic 
emitting layer to the outside, the absorption coefficient 
of the intermediate conductive layer 32 is preferably 2.5 
(1/ym) or less. The absorption coefficient of all the 
intermediate conductive layers 30, 32 and 34 is more 
preferably 2.5 {l/\im) or less. 

Four layers of the organic emitting layers 20, 22, 24 
and 26 and three layers of the intermediate conductive layers 
30, 32 and 34 are the same as or different from each other. 

Although four organic emitting layers are stacked in 
this embodiment, two, three, or five or more organic emitting 
layers may be stacked. 

Although a transparent electrode is an anode in this 
embodiment, the transparent electrode may be a cathode. 

Fig . 3 is a view showing another embodiment of an organic 
EL device according to the invention. 
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The organic EL device 2 is an example where only one 
organic emitting layer is formed. That is, the invention 
can be applied to a device with only one organic emitting 
layer . 

In this organic EL device 2, a transparent anode 
(transparent electrode) 12 is provided on a supporting 
substrate 10 and a cathode (counter electrode) 14 is arranged 
opposite to the transparent electrode 12. One intermediate 
conductive layer 30 and one organic emitting layer 20 are 
laminated sequentially on the transparent anode 12 between 
the anode 12 and the cathode 14. The light emitted from the 
organic emitting layer 20 is taken out from the supporting 
substrate 10 through the transparent anode 12. 

The organic emitting layer 20 and intermediate 
conductive layer 30 may be formed on the transparent anode 
12 in this order. 

In the case where an organic emitting layer or an 
intermediate conductive layer is a laminate, the refractive 
indices of the organic emitting layer and intermediate 
conductive layer are defined as an equivalent refractive 
index . 

For example, in the case where an intermediate 
conductive layer is a laminate of a film made of a material 
having a high refractive index and a film made of a material 
having a low refractive index, the refractive index to light 
of wavelength A of intermediate conductive layer is defined 
as follows. The thickness of the film of 
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high-refractive-index material is represented by di, the 
refractive index thereof is represented by n lf the thickness 
of the film of low-refractive-index material is represented 
by d 2 , and the refractive index thereof is represented by 
n 2 . Further the amounts (5 i and 0 2 are defined as shown in 
the equations (1) . 



(5 1 = 2jm 1 d 1 1 A 
(5 2 = 2jm 2 d 2 I A 



(i) 



Further the 2x2 matrix M is defined as shown in the 
equation ( 2 ) . 

M = 
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At this time, the equivalent refractive index N of the 
laminated film is defined as shown in the equation (3) . 



N = 



\ m 2l 



m 
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(3) 



The refractive index of an organic emitting layer can 
be defined as an equivalent refractive index using the 
refractive indices of a hole in j ecting material , an emitting 
material and an electron injecting material, which 
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constituting the organic emitting layer, in a similar way 
to the equations (1) to (3). Many of these materials 
constituting an organic emitting layer have a refractive index 
of about 1 . 7 to about 1.8. As a result, the organic emitting 
layer has a refractive index of about 1.7 to about 1.8. 

Thus an intermediate conductive layer preferably has 
a refractive index of from 1.5 to 2.0. 

Each member constituting an organic EL device will be 
described below. 

1. Supporting substrate 

The supporting substrate is a member for supporting 
the organic EL device, TFT and the like. Therefore the 
substrate is preferably excellent in mechanical strength and 
dimension stability. Such a substrate include glass plates, 
metal plates, ceramic plates and plastic plates such as 
polycarbonate resins, acrylic resins , vinyl chloride resins, 
polyethylene terephthalate resins, polyimide resins, 
polyester resins, epoxy resins, phenol resins and silicon 
resins, fluorine-containing resins. 

In order to avoid the invasion of moisture into the 
organic EL display, the substrate made of these materials 
is preferably subjected to a moisture proof treatment or 
hydrophobic treatment by forming an inorganic f ilmor applying 
a fluorine-containing resin. In particular, in order to 
avoid the invasion of moisture into the organic luminescent 
medium, the substrate preferably has a small water content 
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and gas permeability coefficient. 

Specifically, preferred water content and gas 
permeability coefficient are 0.0001% by weight or less and 
1 x 10~ 13 cc * cm/cm 2 • sec . cmHg or less, respectively . In order 
to take out light from the side of the supporting substrate, 
the transmittance of supporting substrate to the visible light 
is preferably 50% or more in this embodiment. However, when 
taking out light from the opposite side, that is, the cathode 
side, the supporting substrate is not necessarily 
transparent . 

2. Transparent anode 

A transparent anode is preferably made of a metal, alloy 
electroconductive compound or mixture thereof with a large 
work function (i.e. 4.0 eV or more). Specifically Indium 
Tin Oxide (ITO), Culn, Sn, ZnO, Au, Pt and Pd may be used 
solely, or in combination of two kinds or more. 

Although not specially limited, the thickness of the 
anode is preferably from 10 nm to 1000 nm, more preferably 
from 10 to 200 nm. In order to take out light from an organic 
emitting layer to the outside, the transparent electrode is 
essentially transparent. More specifically, it preferably 
has a transmittance of 50% or more. 

3. Cathode 

A cathode is preferably made of a metal, alloy 
electroconductive compound or mixture thereof with a small 



work function (i.e. less than 4 . 0 eV) . Specifically Mg, Al, 
In, Li, Na, Cs and Ag may be used solely, or in combination 
of two kinds or more. 

Although not specially limited, the thickness of the 
cathode is preferably from 10 nm to 1000 nm, more preferably 
from 10 to 200 nm. 

When using a cathode as a transparent electrode, 
transparent materials are selected among the above materials . 

4. Organic emitting layer 

The organic emitting layer can be defined as a layer 
containing an organic luminescent medium wherein electrons 
and holes are recombined with each other, thereby allowing 
EL emission. This organic emitting layer can be made, for 
example, by laminating the following layers (a) to (g) on 
an anode: 

(a) Organic luminescent medium 

(b) Hole injection layer /organic luminescent medium 

(c) Organic luminescent medium/electron injection 

layer 

(d) Hole injection layer /organic luminescent 
medium/electron injection layer 

(e) Organic semiconductor layer /organic luminescent 

medium 

(f) Organic semiconductor layer /elect ron barrier 
layer/organic luminescent medium 

(g) Hole injection layer /organic luminescent 
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medium/adhesion improving layer 

Among these (a) to (g) , the structure (d) is usually 
preferably used since it can give a higher luminescent 
brightness and is also superior in durability. 

Examples of luminous materials of the organic 
luminescent medium include only one or combinations of two 
or more selected from p-quaterphenyl derivatives, 
p-quinquephenyl derivatives, benzotiazole compounds, 
benzoimidazole compounds, benzoxazole compounds, 
metal-chelated oxynoid compounds, oxadiazole compounds, 
styrylbenzene compounds , distyrylpyrazine derivatives, 
butadiene compounds, naphthalimide compounds, perylene 
derivatives, aldazine derivatives, pyraziline derivatives, 
eye 1 open tadiene derivatives, pyrrolopyrrole derivatives, 
styrylamine derivatives, coumarin compounds, aromatic 
dimethylidyne-based compounds, metal complexes having an 
8-quinolinol derivative as a ligand, and polyphenyl 
compounds . 

Among these organic luminous materials, 
4,4' -bis (2, 2-di-t-butylphenylvinyl) biphenyl, 
4 , 4 ' -bis (2, 2-diphenylvinyl) biphenyl, and derivatives 
thereof, as aromatic dimethylidyne compounds, are more 
preferable . 

Furthermore, it is preferred to use together a material 
where an organic luminous material having a distyrylarylene 
skeleton or the like, as a host material, is doped with a 
fluorescent dye giving intense from blue to red fluorescence, 



12 



for example, a coumarin material , or a fluorescent dye similar 
to that used as a host, as a dopant. More specifically, it 
is preferred to use 4,4' -bis (2, 2-diphenylvinyl ) biphenyl or 
the like as a host and N , N-diphenylaminobenzene as a dopant. 

Suitable known materials described in 
JP-A-2002-097812 and the like can also be selected for use 
as a luminous material. 

Compounds having a hole mobility of 1 x 1CT 6 cm 2 /v - 
s or more measured at an applied voltage of 1 x 10 4 to 1 x 
10 6 V/cm and an ionization energy of 5.5 eV or less are 
preferably used in a hole injection layer. Such a hole 
injection layer enables good hole injection into an organic 
emitting layer, thereby enhancing- a high luminescent 
brightness or allowing low voltage drive. 

Examples of a constituent material for the hole 
injection layer include porphyrin compounds, aromatic 
tertiary amine compounds, styrylamine compounds, aromatic 
dimethylidine compounds, condensed aromatic ring compounds 
and organic compounds such as 

4 , 4-bis [N- ( 1-naphthyl) -N-phenylamino] biphenyl and 

4,4', 4"-tris [N- ( 3-methylphenyl ) -N-phenylamino] triphenyl- 

amine . 

Inorganic compounds such as p-type Si and P-type SiC 
are preferably used as a constituent material for the hole 
injection layer. It is also preferred that an organic 
semiconductive layer having an electrical conductivity of 
1 x 10" 10 S/cm or more is formed between the above hole injection 
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layer and an anode, or between the above hole injection layer 
and an organic emitting layer. Such an organic 
semiconductive layer enables better hole injection into an 
organic emitting layer. 

Compounds having an electron mobility of 1 x 1CT 6 cm 2 /V • 
s or more measured at an applied voltage of 1 x 10 4 to 1 x 
10 6 V/cm and an ionization energy more than 5.5 eV are 
preferably used in an electron injection layer. 

Such an electron injection layer enables good electron 
injection into an organic luminescent medium, thereby 
enhancing a luminescent brightness or allowing low voltage 
drive. Examples of a constituent material for the electron 
injection layer include 8-hydroxyxinoline metal complexes 
such as Al chelate: Alq, derivatives thereof or oxadiazole 
derivatives . 

An adhesion improving layer is a form of the electron 
injection layer. That is, it is a special layer comprising 
a material with good adhesion properties to a cathode among 
electron injection layers. The adhesion improving layer is 
preferably made of a material suchas 8-hydroxyxinoline metal 
complexes or derivatives thereof. It is also preferred that 
an organic semiconductor layer with an electric conductivity 
of 1 x 1CT 10 S/cm or more is formed in contact with the above 
electron injection layer. Such an organic semiconductor 
layer enables goodelectron injecting into anorganic emitting 
layer . 

For the thickness of the organic emitting layer, it 
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may be preferably in the range of 5 nm to 5 pm. If the thickness 
is below 5 nm, the luminescent brightness and durability 
thereof may deteriorate, while if it is over 5pm, the value 
of the voltage to be applied may become high. Therefore, 
the thickness of the organic luminescent medium is more 
preferably 10 nm to 3 pm, and still more preferably 20 nm 
to 1 pm. 

5. Intermediate conductive layer 

An intermediate conductive layer may be interposed 
between adjacent organic emitting layers as shown in Fig. 
2 or may be adjacent to an organic emitting layer as shown 
in Fig. 3. Various layers can be used as an intermediate 
conductive layer that have opposing surfaces, and holes can 
be injected from a surface and electrons can be injected from 
the other surface. 

Materials constituting an intermediate conductive 
layer include oxides, nitrides, iodides and borides of metals 
such as In, Sn, Zn, Ti, Zr, Hf, V, Mo, Cu, Ga, Sr, La and 
Ru . In addition multi-metallic compounds made of a plurality 
of these metals . Specifically there can be used transparent 
conductive materials such as ITO, IZO, SnO x , ZnO x , TiN, ZrN, 
Hf N, TiO x , VO x , MoO x , Cul, InN, GaN, CuA10 2 , CuGa0 2 , SrCu 2 0 2 , 
LaB 6 and RuO x . Of these, transparent conductive metal oxides 
such as ITO, IZO, SnO x , ZnO x , TiO >: , VO x , MoO x and RuO x are 
preferably used. 

In the invention, the difference in refractive index 
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between an intermediate conductive layer and an organic 
emitting layer is 0.2 or less to improve the viewing-angle 
properties of a luminescence device. Thus a film containing 
a material having a low refractive index and the transparent 
conductive material stated above can be used so far as it 
does not impair the electron injecting property of an 
intermediate conductive layer. 

As thematerial having a low refractive index, inorganic 
compounds such as metal oxides and metal halides, and organic 
compounds such as fluoride resins can be used. The metal 
oxides include SiO x . The metal halides include metal 
fluorides such as NaF, LiF, CaF 2 , Na 3 AlF 6 , A1F 3/ MgF 2 , ThF 4 , 
LaF 4 and NdF 3 . 

In order to prepare an intermediate conductive layer 
as a film containing a material having a low refractive index 
and a transparent conductive material, it is preferred that 
these materials are mixed to form a film or otherwise a film 

made of a material having a low refractive index and a film 

made of a transparent conductive material are laminated. 

For example a film can be used which is made of a mixture 

of a material having a low refractive index such as metal 
I halides, e.g., metal fluorides represented by LiF and a 

transparent conductive material . A mult i -layer laminate can 

also be used in which a metal fluoride and a transparent 

conductive material are laminated. 

An intermediate conductive layer where a material 

having a low refractive index such as metal halides and a 
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transparent conductive material are mixed can be produced 
as follows . For example two deposition sources are prepared. 
Materials are each mounted in the sources and co-deposited, 
thereby forming the film. The refractive index can be 
adjusted by each deposition rate of the materials. In the 
case where a material having a low refractive index is a metal 
halide such as LiF, an increased ratio is not preferred since 
the conductivity of an intermediate conductive layer may be 
degraded and the mixture may be inhomogeneous . Specifically 
the ratio of a metal halide in a film is preferably less than 
0.6. 

In the case of laminating a film of a transparent 
conductive material and a film of a material having a low 
refractive index, any laminate structure can be used that 
maintains the function of injecting charges, electrons and 
holes, required for an intermediate conductive layer. 
Preferred is the three-layer structure of transparent 
conductive material/low refractive index 

material/transparent conductive material. The thickness 
ratio of the low refractive index material film to the entire 
intermediate conductive layer is preferably less than 0.6. 

In order to efficiently take light from an organic 
emitting layer to the outside, the absorption coefficient 
of an intermediate conductive layer relative to visible light 
is preferably 2.5 (1/ym) or less, more preferably 2 . 2 (1/ym) 
or less. In the case where the absorption coefficient is 
2.5 (l/pm) or less, the transmittance of an intermediate 
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conductive layer (one layer) with a film thickness of 30 nm 
is 92%. The transmittance is attenuated with increases in 
the number of layers, e.g., 86% for two layers and 80% for 
three layers. However some degree of high transmittance can 
be maintained. Generally many of transparent conductive 
materials have an extinction coefficient more than 0.1, while 
the materials represented by LiF have an extinction 
coefficient of almost zero. Thus the mixture or lamination 
of transparent conductive material and low refractive index 
material reduces the absorption coefficient and enhances the 
luminous efficiency of the device. When an intermediate 
conductive layer has an absorption coefficient of 2 . 5 (1/ym) 
or less, the intermediate conductive layer preferably has 
an extinction coefficient of 0.1 or less. 

[Examples ] 

Examples of the invention will be described below. The 
invention is not limited thereto. 

(1) Preparation of glass substrate with ITO 

The supporting substrate of 25mm by 75mm (0A2 glass, 
Nippon Electric glass Co. , Ltd. ) was subjected to ultrasonic 
cleaning with purified water and isopropyl alcohol, dried 
with air blow and thereafter cleaned with ultraviolet rays. 
Next this substrate was moved in a sputtering apparatus. An 
ITO film with a film thickness of 150 nm was formed on the 
substrate . 
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(2) Formation of organic emitting layer 

This substrate was moved into an organic deposition 
device and fixed in a substrate holder. After the pressure 
in a vacuum vessel was reduced to 5 x 10" 7 torr, a hole injection 
layer, an organic luminescent mediumand an electron injection 
layer were sequentially deposited in this order. 

Firstly 

4 , 4 ' , 4"-tris (N- ( 3-methylphenyl ) -N-phenylamino) triphenyl- 
amine (MTDATA) was deposited in a thickness of 55 nm as a 
hole injection layer. 

Next 4 , 4' -bis (2, 2-diphenylvinyl ) biphenyl { DPVBi ) of 
a host and 1, 4-bis [4- (N, N-diphenyl aminos t yrylben zene ) ] 
(DPAVB) of a dopant were co-deposited in a thickness of 40 
nm at a deposition speed of 0.1 to 0.3 nm/second and 0.003 
to 0.008 nm/second, respectively as an organic luminescent 
medium. 

Next tris (8-quinolinol) aluminum (Alq) was deposited 
in a thickness of 20 nm as an electron injection layer. 

(3) Formation of intermediate conductive layer 
Vanadium oxide (V 2 0 5 ) and lithium fluoride (LiF) were 

prepared as a deposition source separately. V 2 0 5 , LiF and 
V 2 0 5 were sequentially deposited in a thickness of 10 nm each. 

(4) Formation of organic emitting layer, intermediate 
conductive layer, organic emitting layer and cathode 
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Next, an organic emitting layer, an intermediate 
conductive layer and an organic emitting layer were 
sequentially deposited in a similar way to the above organic 
emitting layer and intermediate conductive layer of (1) and 
(2). 

Next an Al film with a thickness of 150 nm was formed 
as a cathode to obtain an organic EL device. 

(5) Measurement of refractive index of organic emitting 
layer and intermediate conductive layer 

A hole injection layer, an organic luminescent medium 
and an electron injection layer were deposited on a glass 
substrate (OA2 glass, Nippon Electric glass Co., Ltd.) in 
a thickness of 0 . 2 micron each by the above-mentioned method 
of (2) . Their refractive index to light with a wavelength 
of 500 nm was measured with an ellipsometer . 

The equivalent refractive index of the organic emitting 
layer was determined using the film thicknesses of layers 
mentioned in (2) to be 1.79. 

Vanadium oxide and lithium fluoride were separately 
formed on the glass substrate by the above-mentioned method 
of (3) . Their refractive indices to light with a wavelength 
of 500 nm were measured with an ellipsometer . The equivalent 
refractive index of the intermediate conductive layer was 
determined using the film thicknesses of mentioned in (3) 
to be 1.95. The absorption coefficient was measured with 
an absorption spectrophotometer to be 2.01. 
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(6) Measurement of luminescent properties of organic EL 
device 

Current was applied across the ITO and aluminum cathode 
at a current density of 1 . 4 mA/cm 2 to obtain blue emission. 
The luminance and chromaticity were measured in the front 
of the device with a spectral radiant luminance meter 
available from MINOLTA Co . Ltd. under the trademark of CS1000 . 
The luminance was 387 nit and the chromaticity was (0.157, 
0.339) . 

Next, the device was inclined 50° and the chromaticity 
was measured in the same way. The difference in chromaticity 
betweenthe front direction and the viewing angle of 50° was 
calculated by using the equation (4) to obtain a good value 
of 0.025. 

&CIE = J(CIEx 0 -CIEx 50 ) 2 +(CIEy 0 -CIEy 50 ) 2 ^ 

Table 1 shows the structure and evaluation results of 
organic EL devices prepared in Examples 1, and 2 to 5 and 
Comparative Examples 1 and 2 described below. 
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Example 2 

An organic EL device was prepared in the same way as 
Example 1 except that an intermediate conductive layer was 
formed by co-deposition of V 2 0 5 and LiF in a thickness of 
30 nm. The deposition ratio of LiF to the entire intermediate 
conductive layer was 0.46. The intermediate conductive 
layer had a refractive index of 1.76 and absorption 
coefficient of 2.22. The luminance in the front direction 
of the organic EL device was 392 nit and the chromaticity 
thereof was (0.167, 0.366). The difference in chromaticity 
between the front direction and the viewing angle of 50° was 
a good value of 0.021. 

Example 3 

An organic EL device was prepared in the same way as 
Example 1 except that an intermediate conductive layer was 
a monolayer of Mo0 3 film in a thickness of 30 nm. The 
intermediate conductive layer had a refractive index of 1.85 
and absorption coefficient of 2.48. The luminance in the 
front direction of the organic EL device was 342 nit and the 
chromaticity thereof was (0.150, 0.299). The difference in 
chromaticity between the front direction and the viewing angle 
of 50° was a good value of 0.007. 

Comparative Example 1 

An organic EL device was prepared in the same way as 
Example 1 except that an intermediate conductive layer was 
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a monolayer of V 2 0 5 film in a thickness of 30 nm. The 
intermediate conductive layer had a refractive index of 2.20 
and absorption coefficient of 3.02. The luminance in the 
front direction of the organic EL device was 320 nit and the 
chromaticity thereof was (0.154, 0.351). The difference in 
chroma ticity between the front direction and the viewing angle 
of 50° was 0.042. The difference of chromaticity could be 
recognized by visual observation. 

Example 4 

An organic EL device was prepared in the same way as 
Example 3 except that an organic luminescent medium was a 
laminate of the following orange luminescent medium and blue 
luminescent medium. The orange luminescent medium layer was 
formed on the hole injection layer at the first, and the blue 
luminescent medium layer was then formed. 

For the orange luminescent medium film, the materials 
represented by the following formulas (1) and (2) were 
deposited at a ratio of (1) to (2) of 5 to 0.01 in a thickness 
of 5 nm. 




(i) 
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For the blue luminescent medium film, the materials 
represented by the above-mentioned formula (1) and the 
following formula (3) were deposited at a ratio of (1) to 
(3) of 35 to 0.8 in a thickness of 35 nm. 




The organic emitting layer had the same refractive index 
of 1.79 as the other Examples. The intermediate conductive 
layer had a refractive index of 1.85 and absorption 
coefficient of 2.48. The luminance in the front direction 
of the organic EL device was 392 nit and the chromaticity 
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thereof was (0.228, 0.285). The difference in chromaticity 
between the front direction and the viewing angle of 50° was 
a good value of 0.014. 

Example 5 

A glass substrate with a 150 nm thick ITO film prepared 
by the same way as Example 1 was moved into an organic deposit ion 
device. After the pressure in a vacuum vessel was reduced 
to 5 x 10" 7 torr, an intermediate conductive layer, an organic 
emitting layer and a cathode were sequentially deposited. 

An intermediate conductive layer was a monolayer of 
Mo0 3 film in a thickness of 30 nm. 

For an organic emitting layer, MTDATA was deposited 
in a thickness of 55 nm as a hole in j ection layer, the materials 
represented by the above-mentioned formulas (1) and (3) were 
deposited at a ratio of (1) to (3) of 10 to 0 . 25 in a thickness 
of 10 nm as a blue light emitting layer, the materials 
represented by the above-mentioned formulas (1) and (2) were 
deposited at a ratio of (1) to (2) of 30 to 0.8 in a thickness 
of 30 nm as an orange light emitting layer, Alq was deposited 
in a thickness of 20 nm as an electron infection layer and 
Al was deposited in a thickness of 150 nm as a cathode in 
this order. 

The organic emitting layer had a refractive index of 
1.79. The intermediate conductive layer had a refractive 
index of 1.85 and absorption coefficient of 2.48. The 
luminance in the front direction of the organic EL device 
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was 161 nit and the chromaticity thereof was (0.273, 0.352) . 
The difference in chromaticity between the front direction 
and the viewing angle of 50° was a good value of 0.018. 

Comparative Example 2 

An organic EL device was prepared in the same way as 
Example 5 except that an intermediate conductive layer was 
a monolayer of V 2 0 5 film in a thickness of 30 nm. The 
intermediate conductive layer had a refractive index of 2.20 
and absorption coefficient of 3.02. The luminance in the 
front direction of the organic EL device was 153 nit and the 
chromaticity thereof was (0.246, 0.330). The difference in 
chromaticity between the front direction and the viewing angle 
of 50° was 0.031. The difference of chromaticity could be 
recognized by visual observation. 

Industrial Utility 

The invention can provide an organic EL device and a 
display with good viewing-angle properties and high 
efficiency. 

The organic EL device of the invention in combination 
with known structure can be used in a personal TV, a large-sized 
display, a display of cell-phone, and various displays. 
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